What was known before {#Sec1}
=====================

Fistulas are considered the preferred form of vascular access and are widely promoted by vascular access experts and guideline committees. These recommendations are based on observational data showing an association between fistula use and improved survival, lower procedure rates, and lower costs. There has never been a randomized controlled trial comparing the outcomes of patients treated with fistulas to those treated with catheters, and it was not clear if nephrologists would be willing to participate in a trial.

What this adds {#Sec2}
==============

This survey suggests that nephrologists in Canada, Europe, and Australia/New Zealand would be willing to participate in a future randomized controlled trial comparing outcomes of patients treated with fistulas to those treated with catheters.

Background {#Sec3}
==========

The majority of people with kidney failure are treated with hemodialysis and require access to the bloodstream. While vascular access ("access") is a lifeline, it is also a key driver of morbidity, mortality, and cost \[[@CR1]\]. Arteriovenous fistulas, arteriovenous grafts, and central venous catheters are the three main options for vascular access, but the majority of hemodialysis patients use either a fistula or catheter \[[@CR2]\]. Guidelines recommend a fistula for of access based on observational data indicating that use of fistulas is associated with a lower risk of complications and access-related costs and longer patient survival \[[@CR1], [@CR3]--[@CR9]\]. This had led to a number of local, regional, and national initiatives designed to increase the proportion of individuals treated with them \[[@CR10]\].

The observational literature comparing fistulas to catheters has important limitations that may have biased previous comparisons and may be difficult to overcome in the absence of randomization \[[@CR11], [@CR12]\]. Patients who start dialysis urgently, those who are acutely ill, and those with the highest burden of comorbidity are treated almost exclusively with catheters. Studies including these patients in the catheter group are at high risk of indication bias. Further, most studies did not ascertain access outcomes rigorously or did not report them comprehensively. These studies are at high risk of ascertainment and information bias \[[@CR13]\].

The adoption of health-care interventions in the absence of sufficient evidence of safety and efficacy can lead to inefficient use of health-care resources and, potentially, unintended harm to patients. For example, increasing the dose of dialysis delivered to patients was associated with better outcomes in observational studies, but subsequent randomized trials have failed to show benefit \[[@CR14], [@CR15]\]. Normalizing hemoglobin levels in patients with kidney disease using erythropoietin-stimulating agents was also felt to be desirable until clinical trials showed that it increased the risk of cardiovascular events \[[@CR16]--[@CR21]\]. However, it is not clear if physicians would be willing to participate in a clinical trial comparing fistulas to catheters given that the observational data have shown a strong and consistent benefit of fistulas, there are incentives for dialysis programs to increase the numbers of patients treated with them in many jurisdictions, and the proportion of patients treated with a fistula is considered a quality measure.

We surveyed nephrologists from Canada, Europe, Australia, and New Zealand to assess their willingness to participate in a randomized trial comparing fistulas to catheters in incident hemodialysis patients. We also sought to elicit physician views about vascular access, their familiarity with the literature, and their opinions regarding current guideline recommendations.

Methods {#Sec4}
=======

Participants {#Sec5}
------------

Physicians and trainees who are involved in the care of end-stage renal disease patients requiring vascular access were eligible to complete the survey. To ensure a broad view of practices, we recruited participants from Canada, Europe, Australia, and New Zealand. This process was facilitated through the Canadian Society of Nephrology (CSN), European Renal Association/European Dialysis and Transplantation Association (ERA/EDTA), and Australia and New Zealand Society of Nephrology (ANZSN). The survey was distributed to all members of the CSN. In Europe, the survey was distributed to individuals with an interest or expertise in vascular access from participating countries, as identified by the ERA/EDTA. Individuals participating in another survey administered by the ERA/EDTA were invited to participate in our survey. The list of physicians who were willing to be contacted was provided to us. In Australia and New Zealand, the survey was distributed to the ANZSN membership. Two reminder emails were sent to increase participation in the survey. The numbers of physicians that the survey was distributed to were not available from the CSN or the ANZSN.

Survey design {#Sec6}
-------------

We created a three-part survey consisting of 19 questions that took approximately 10 min to complete. In the first part of the survey, we collected demographic information and information about respondents' practice environment, as well as the resources available to them. In the second section, we asked about the respondents' knowledge of the vascular access literature and how it influenced their practices and views. Finally, we asked respondents to comment on the appropriateness of guideline recommendations, whether or not future research was needed in vascular access, and their willingness to participate in a randomized comparison of fistulas to catheters in hemodialysis patients. A copy of the Canadian version of the survey is included as an Additional file [1](#MOESM1){ref-type="media"}. The surveys for other jurisdictions did not differ in content, but references to Canada were replaced with Europe and Australia/New Zealand.

Primary outcome {#Sec7}
---------------

Our primary outcome was the respondents' willingness to participate in a randomized trial comparing fistulas to catheters in incident hemodialysis patients. Respondents were also asked to indicate the population that they felt should be entered into a clinical trial (all patients, only patients at high risk of primary fistula failure, or no one, as it was felt to be unethical) and the essential elements of a trial (e.g., minimum follow-up of 3 years, only conducted at sites with a primary fistula failure rate of less than 50 %).

Statistical analysis {#Sec8}
--------------------

Descriptive statistics were used to describe baseline characteristics of the survey respondents and their programs, according to geographic location. We used logistic regression to model willingness to participate in a randomized trial comparing fistulas to catheters. The model was adjusted for covariates that, a priori, were felt likely to be associated with willingness to participate in a randomized trial based on a review of the literature and clinical intuition. The model included a geographic region (Canada, Europe, Australia/New Zealand), practice setting (urban vs. rural), years in practice (\<5, 5--10, 10--15, or \>15 years), percentage of time spent in direct patient care (\<25, 26--50, 51--75, and \>75 %), presence of a nephrology fellowship training program at a primary hospital, risk of primary failure of a fistula at their center (\<25, 26--50, 51--75, and \>75 %), and familiarity with the vascular access literature (expert vs. non-expert).

Ethical approval was not required for this study.

Results {#Sec9}
=======

A total of 267 nephrologists and nephrology trainees participated in the survey. Of those, 248 respondents fully completed the survey (including the question on their willingness to participate in a trial). The majority of respondents were from Canada (68 %), followed by Australia/New Zealand (21 %) and then Europe (12 %). As the total number of survey recipients from Canada, Europe, and Australia/New Zealand was not disclosed, we were unable to calculate the final response rates.

Participants {#Sec10}
------------

The baseline characteristics of the survey respondents, according to geographic location, are presented in Table [1](#Tab1){ref-type="table"}. The respondents were primarily nephrologists (Canada 98 %, Europe 90.6 %, Australia/New Zealand 100 %) who spent \>75 % of their time providing direct patient care (Canada 40.5 %, Europe 48.3 %, Australia/New Zealand 47.1 %) and who worked in urban hospitals (Canada 93.5 %, Europe 93.1 %, Australia/New Zealand 84.3 %).Table 1Baseline characteristics of survey respondentsCanadaEuropeAustralia/NZ*n* (%)*n* (%)*n* (%)Age \<3528 (16.7)3 (10.3)10 (19.6) 35--5093 (55.4)11 (37.9)30 (58.8) 51--6539 (23.2)15 (51.7)11 (21.6) \>658 (4.8)Years in practice \<537 (22)3 (10.3)18 (35.3) 5 to 1035 (20.8)5 (17.2)10 (19.6) 10 to 1533 (19.6)3 (10.3)7 (13.7) \>1553 (31.5)18 (62.1)12 (23.5)Percentage of time spent in direct patient care \<25 %11 (6.5)2 (6.9)3 (5.9) 25--50 %28 (16.7)4 (13.8)10 (19.6) 51--75 %61 (36.3)9 (31)14 (27.5) \>75 %68 (40.5)14 (48.3)24 (47.1)Primary hospital affiliation is in urban center157 (93.5)27 (93.1)43 (84.3)Self-identified vascular access expert26 (15.5)16 (55.2)7 (13.7)Primary hospital has a nephrology fellowship training program115 (68.5)23 (79.3)45 (88.2)Risk of primary failure of fistulas at local center \<25 %52 (31)20 (69)30 (58.8) 25--50 %63 (37.5)8 (27.6)8 (15.7) 51--75 %8 (4.8)-1 (2) Do not know45 (26.8)1 (3.4)12 (23.5)*NZ* New Zealand

Infrastructure and support for vascular access creation {#Sec11}
-------------------------------------------------------

Table [2](#Tab2){ref-type="table"} shows the support available for vascular access creation, according to geographic location. There were significant differences in likelihood of programs having a vascular access coordinator (*p* \< 0.01) and dedicated vascular access nurses (*p* \< 0.01) among geographic regions, largely driven by the low numbers of programs in Europe that had dedicated vascular access staff and clinics.Table 2Support available for vascular access creation, by geographic locationCanadaEuropeAustralia/NZ*p* value*n* (%)*n* (%)*n* (%)*N* = 168*N* = 29*N* = 51Vascular access coordinator149 (88.7)10 (34.5)42 (82.4)\<0.01Dedicated vascular access clinic^a^109 (64.9)9 (31.0)27 (52.9)\<0.01Surgeon available at center to create arteriovenous accesses146 (86.9)22 (75.9)46 (90.2)0.18Type of operator who create(s) vascular accesses at your center:0.49 Vascular surgeon152 (90.5)25 (86.2)48 (94.1) Other (general, urologist, nephrologist, not available)15 (8.9)4 (13.8)3 (5.9)*NZ* New Zealand^a^Staffed by any combination of physicians, surgeons, and vascular access coordinators/nurses with an interest in vascular access

Willingness to participate in a future RCT {#Sec12}
------------------------------------------

Figure [1](#Fig1){ref-type="fig"} illustrates the respondent's willingness to participate in a randomized controlled trial comparing fistulas to catheters. In total, 79 % of the total respondents agreed that a future trial was needed. While the majority of respondents from Europe (66 %) and Australia/New Zealand (64 %) were supportive of a trial, the proportion in favor was lower than in Canada (86 %).Fig. 1Willingness to participate in a randomized controlled trial comparing fistulas to catheters, by geographic location and patient population. This figure shows the proportion of survey respondents who were willing to participate in a randomized controlled trial comparing catheters to fistulas in incident hemodialysis patients, by geographic location, and according to the patient population included. In Canada, 86 % of respondents were willing to participate in a trial (32 % in all patients; 54 % only in patients at high risk of primary failure). In Europe and Australia/New Zealand, the willingness to participate in a trial that included all incident hemodialysis patients was lower (28 % Europe; 25 % Australia/New Zealand) as was the willingness to participate in a trial that included patients at high risk of primary failure of their fistulas (38 % in Europe; 39 % in Australia/New Zealand). *NZ* New Zealand

Thirty-eight percent of nephrologists who were in favor of a trial were supportive of a study in all hemodialysis patients who were candidates for a fistula (37 % in Canada; 45 % in Europe; 40 % in Australia/New Zealand), while 62 % of nephrologists indicated that it should be restricted to individuals at high risk of primary fistula failure (63 % in Canada; 55 % in Europe; 60 % in Australia/New Zealand).

Variables associated with willingness to participate in a clinical trial {#Sec13}
------------------------------------------------------------------------

Table [3](#Tab3){ref-type="table"} shows the variables associated with respondents' willingness to participate in an RCT. The odds ratio of each variable is adjusted for the potential confounding effect of all the other variables in the model. In a multivariate analysis, participants from Canada were more likely to indicate that they would be willing to participate in a trial compared to respondents from Australia/New Zealand (OR 0.36; 95 % CI 0.16--0.85) or Europe (OR 0.31; 95 % CI 0.11--0.94). Relative to people who had been practicing fewer than 5 years, those in practice for 5--10 years were five times more likely to indicate willingness to participate (OR 5.07; 95 % CI 1.41--18.26). Those respondents that spent greater than 75 % of their time providing direct clinical care were less likely to endorse participation in a trial than those with less than 25 % clinical time (OR 0.86; 95 % CI 0.20--3.63). Participants who self-identified as vascular access experts (OR~expert\ vs.\ non-expert~ 2.4; 95 % CI 0.91--6.53), those from urban settings (OR~urban\ vs.\ rural~ 1.39; 95 % CI 0.44--4.45), and those who did not know their local risk of primary fistula failure (OR~no\ knowledge\ vs.\ local\ rate\ \<25%~ 4.08; 95 % CI 1.41--11.8) were also more likely to be willing to participate in a future trial.Table 3Predictors of respondents' willingness to participate in a randomized controlled trialAdjusted odds ratio95 % CI*p* valueRegion CanadaReference---- Europe0.320.11--0.910.03 Australia/New Zealand0.370.16--0.850.02Number of years licensed and practicing as a nephrologist 5Reference---- 5 to 105.071.41--18.260.01 10 to 151.550.54--4.430.42 \>151.200.49--2.910.69Percentage of time spent in direct patient care (clinical duties) \<25 %Reference---- 25--50 %1.550.30--8.020.60 51--75 %0.820.19--3.590.79 \>75 %0.860.20--3.630.84Primary hospital affiliation is urban1.400.44--4.450.57Primary hospital has a nephrology fellowship training program?0.700.29--1.700.44Risk of primary failure for arteriovenous fistulas at your center \<25 %Reference---- 25--50 %1.740.78--3.910.18 51--75 %0.560.12--2.600.46 Do not know4.081.41--11.780.01Self-identified vascular access expert2.440.91--6.530.08*CI*, confidence interval, *OR* odds ratio

Important elements of a clinical trial {#Sec14}
--------------------------------------

Over half of the participants from all countries felt it would be important to have a national funding agency vet the protocol (58 %), while an even greater number suggested that a data safety and monitoring board should provide oversight (77 %). A minimum 3-year follow-up period was felt to be important by the majority of participants (61 %), but participants did not feel that a trial should be limited to centers with a primary failure rate of less than 50 % after fistula creation (34 %) (see Table [4](#Tab4){ref-type="table"}).Table 4Essential elements of a randomized controlled trial comparing fistulas to catheters in opinion of respondents, by geographic locationCanadaEuropeAustralia/NZ*p* value*n* (%)*n* (%)*n* (%)*N* = 168*N* = 29*N* = 51Protocol should be vetted by a national funding agency110 (65.5)11 (37.9)23 (45.1)\<0.01Data safety and monitoring board must provide oversight139 (82.7)12 (41.4)40 (78.4)\<0.01All hemodialysis patients should be studied50 (29.8)10 (34.5)13 (25.5)0.69Only certain high-risk patient populations, where the benefit of fistulas is not clear based on observational studies, should be studied101 (60.1)14 (48.3)30 (58.8)0.49Only patients who have failed a previous fistula attempt should be studied12 (7.1)5 (17.2)7 (13.7)0.13Follow-up must be a minimum of 3 years105 (62.5)20 (69)27 (52.9)0.31The study should only be conducted at centers with a primary failure rate of less than 50 % after fistula creation63 (37.5)8 (27.6)15 (29.4)0.40

Discussion {#Sec15}
==========

Our findings confirm that the majority of nephrologists surveyed from Canada, Europe, and Australia/New Zealand would be willing to participate in a randomized trial comparing fistulas to catheters in incident hemodialysis patients. However, the majority of respondents felt that it should be limited to patients who are at high risk of primary failure of their fistula. Nephrologists from Canada, those who had been in practice for a short duration of time, practiced in an urban setting, and self-identified as vascular access experts were more likely to indicate a willingness to be involved in a trial comparing fistulas to catheters. While fistulas are aggressively promoted, our results would suggest that many practicing nephrologists feel that there is sufficient equipoise to warrant a randomized comparison of catheters and fistulas.

The majority of nephrologists who were in support of a randomized trial comparing catheters to fistulas felt that it should be restricted to individuals with a higher risk of primary failure. Risk factors for failure to mature include age over 65, female gender, the presence of peripheral vascular disease and coronary artery disease, obesity, diabetes, location of the fistula, small-caliber veins, and ethnicity other than Caucasian \[[@CR22]\]. A high risk of primary failure may alter the risk-benefit ratio in those undergoing a fistula attempt, as 25--69 % of fistulas created will fail to mature, depending on the patient's risk profile \[[@CR22]\]. If a fistula never works, the patient does not have the opportunity to experience the potential benefits of avoiding a hemodialysis catheter. In addition, failure of fistula maturation has previously been shown to lead to repeated surgical interventions, disruption of the hemodialysis schedule, and patient distress \[[@CR22]\]. It is also associated with inefficient use of health-care resources; a trial that tested the benefits of attempting a fistula in this high-risk patient population would inform clinical practice and help providers select the patients most likely to benefit.

Physicians from Canada were more likely to indicate a willingness to participate in a randomized trial comparing fistulas to catheters. While guideline recommendations from Canada, Europe, and Australia/New Zealand consistently recommend fistulas as the preferred form of vascular access for hemodialysis, the prevalent use of fistulas varies. The DOPPS study showed that the prevalence of fistulas in Canada was 50 %, whereas in Europe the range was 57--83 % \[[@CR23]\]. In New Zealand, the rates were closer to 60 % \[[@CR24]\]. This may be due to differences in the availability of infrastructure or the access to, or organization of services, although our results would suggest that the infrastructure to support fistula creation and maintenance are more developed in Canada than in European centers. It more likely reflects differences in the attitudes and beliefs of health-care providers.

Interestingly, nephrologists who have practiced for 5--10 years were more likely to participate in a trial. Those who were new to practice (\<5 years) and those who had been in practice longer (\>10 years) were less likely to be willing to participate in a clinical trial. The reasons for this are not clear. New physicians may be more likely to adhere to the principles taught to them during training, whereas clinicians who had been in practice for a long time were more likely ingrained in their practice patterns and less open to the idea of a clinical trial. Individuals who spent more of their time in direct patient care were less likely to want to participate in a trial. The reasons for this are not clear. It may be that physicians with a more clinical focus are more likely to adhere to the teaching they received during their fellowship training and less likely to read the primary literature for themselves or to have had additional training in critical appraisal. This is a potential threat to the feasibility of an RCT, given that the majority of patients are cared for by this group of physicians. Finally, self-identified experts likely have a greater familiarity with the vascular access literature. As a consequence, they may be more aware of the limitations of existing studies---that they are of low quality and prone to bias---and may be more willing to participate in a clinical trial \[[@CR4]\]. However, experts are more likely to be involved in the generation of guideline recommendations, and there appears to be discordance between the views expressed in our survey and current guideline recommendations.

Our study has several strengths. First, we recruited respondents from a number of countries in order to explore geographical differences in opinions. Second, this survey is the first, to our knowledge, to ask physicians directly about their willingness to participate in a randomized controlled trial comparing fistulas and catheters. Demonstrating the presence of equipoise is a necessary step in justifying an RCT examining this issue. Our results highlight the discordance between guideline recommendations that consistently recommend fistulas and the views of nephrologists who responded to our survey. Third, our results provide insight into the issues felt to be important considerations in the design of a RCT from the perspective of the practicing nephrologists. This facilitates development of a trial protocol that is feasible and maximizes the likelihood of participation.

Our study also has limitations. The intent of this survey was to capture the perception of nephrologists internationally to inform the development of a future trial. Outside of Canada, we distributed the survey via the European Renal Association (ERA) and the Australian and New Zealand Society for Nephrology. European participants were identified by the ERA and were typically vascular access experts from different countries. This ultimately led to a discrepancy in numbers of European to non-European respondents overall, even though Europe has a much larger population. It was however, felt that European respondents' views were likely reflective of physician views in their countries of origin, but we are unable to confirm that. As a consequence, Canadian views are likely over-represented in the overall outcomes, but similar results were found for each of the geographic regions examined. The response rates are not calculated because we were unable to obtain an accurate count of the physicians that the survey was distributed to in any region. In addition, we attempted to engage US participants in the survey but were unable to do so. As a consequence, we were unable to gauge physician views and opinions in the USA, which would have been of interest. Our results reflect the views of those physicians who responded to our survey and may not reflect the views of non-respondents or an individual physician's actual practice. Finally, we have only captured the views of nephrologists. The willingness of patients to be assigned randomly to different vascular access strategies has not been explored and is an important consideration. In a recent study by Manns et al., patients were engaged to identify their priorities for research in kidney disease and identified vascular access as a key area of investigation \[[@CR25]\]. Although this does not imply that these patients would participate in an RCT, it does show the awareness regarding the importance of further research in this area from a patient perspective. We are currently testing the feasibility of enrolling patients in a randomized trial that will randomly assign people starting hemodialysis with a catheter to either attempt fistula creation or continued use of a tunneled catheter (NCT02675569).

In summary, the majority of nephrologists we surveyed from Canada, Europe, Australia, and New Zealand would be willing to participate in a randomized controlled trial comparing fistulas to catheters in incident hemodialysis patients. Our survey results suggest that nephrologists believe that the existing evidence forming the base of guideline recommendations about vascular access is of low quality, that there is equipoise surrounding the optimal vascular access strategy for hemodialysis.

Conclusions {#Sec16}
===========

The optimal hemodialysis vascular access is not yet known. The current trend towards fistulas over catheters is based on observational evidence that is limited in scope and prone to bias. A randomized control trial comparing fistulas and catheters would be the most objective and comprehensive study to prove the superiority of one form of access over the other. We surveyed nephrologists from Canada, Europe, Australia, and New Zealand to assess their willingness to participate in the aforementioned trial. Although the number of Canadian respondents was greater than those from other regions, the distribution of responses was similar in all regions. That is, a majority of our respondents were willing to participate in a randomized trial but more so if limited to patients who are at high risk of primary fistula failure.
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